were treated with DEBDOX TACE. Portal vein thrombosis was observed in 6 (17.1%) patients. DEBDOX TACE was performed by superselective catheterization of feeding vessels followed by embolization with 100-300 μm microspheres loaded with 50-100 mg of doxorubicin. In all cases, CBCT was used during chemoembolization. Tumor response rates were defined according to mRECIST criteria.
(TACE) is the standard treatment for patients with intermediate-stage HCC, but due to heterogeneity of the patient population in this stage, tumor response and survival rates are variable and scattered across the literature. [2] [3] [4] Several clinical studies have confirmed the benefits of doxorubicin-loaded DC Bead (DEBDOX; drug-eluting bead doxorubicin] with respect to improved tumor response, reduced adverse events and improved survival. [5] [6] [7] [8] [9] [10] Furthermore, recent data shows that superselective TACE is associated with lower adverse events, higher rate of tumor response and increased survival. [11] [12] [13] In superselective TACE, proper identification of the tumor feeding arteries and detection of the target tumor is crucial. 11, 12, 14 However, angiography frequently cannot identify HCC lesions because of their small size or decreased hypervascularity. This often results in lobar or segmental TACE of relatively large liver areas, and in turn to lower rate of tumor response and potential increase in adverse events due to high repetition of TACE. Cone-beam CT (CBCT) is a novel technique that is increasingly used during TACE for inoperable HCC. [15] [16] [17] [18] [19] [20] This imaging technique uses a flat-panel detector angiographic system to produce CT-like soft-tissue images without the need to transfer the patient to a CT unit. 15, 17, 19 It can be used to visualize tumor-feeding vessels and parenchymal stain during TACE, achieving detection accuracies significantly superior to standard 2D angiography. 17 In this respect, the advantage of using CBCT during TACE improves the safety and effectiveness of the procedure, and has been suggested to have a benefit on local recurrence rates and overall survival during conventional TACE. 20, 21 The purpose of this retrospective study was to evaluate treatment response, adverse events and survival rates of patients with intermediate stage HCC treated with superselective DEBDOX TACE under CBCT control.
Materials and methods

Patient selection
This single institution study included 35 patients with intermediate stage HCC that were treated with DEBDOX TACE under CBCT control between October 2010 and June 2012. Clinical examination, laboratory evaluation and CT and/or MR imaging were performed in each patient at baseline at least one month before the TACE session. The inclusion criteria for DEBDOX-TACE were intermediate stage HCC according to BCLC system. Portal vein thrombosis was not an exclusion criterion.
Written informed consent of patients was obtained before the treatments. Ethics committee approval for treatment was provided for data analysis. Ethics committee approval for treatment was not required because TACE is approved as a standard of care for intermediate stage HCC. All the procedures followed the Helsinki declaration.
TACE technique
Treatment with chemoembolization was based on the consensus of the Liver Multidisciplinary Team Meeting, held weekly at our institution. All patients underwent at least two sessions of DEBDOX TACE. After local anesthesia, a short 5 F introducer sheath (Terumo Europe N.V., Belgium) was put in place via the common femoral artery. Digital subtraction angiography (DSA) of the celiac and superior mesenteric arteries was routinely performed via a 5 F catheter (Sidewinder®, Terumo Europe N.V.) to determine vascular anatomy and variants and to assess portal flow. DSA was performed with the administration of non-ionic contrast agent iopromide 370 mg/ml (Ultravist 370®, Bayer HealthCare, Germany) through a power injector (Avanta®, Medrad, Bayer HealthCare).
The injection rate was normally 5 mL/s with a total of 20 mL injected. A 2.4 F microcatheter (Progreat®, Terumo Europe N.V.) was then superselectively positioned in the tumor feeding arteries before delivery of the DC Bead (DEBs) (DC Bead®, Terumo Europe N.V.). Prior to DEBs delivery, DSA and CBCT were performed with the administration of iopromide through a power injector to confirm complete coverage of the targeted lesion(s). DEBs with a diameter of 100-300 μm were loaded with 50 mg of doxorubicin per vial (maximum dose of 100 mg of doxorubicin). In patients with multifocal tumors, the position of the microcatheter was changed within the same session to ensure superselective DEBs delivery in each lesion ( Figure 1) . Delivery of the mixture was continued until a near stasis end point or the antegrade blood flow was achieved. After DEBDOX TACE, completion arteriography was performed by manual injection to minimize reflux into non-targeted areas. All patients were kept under observation for a period of 24-48 h. Second DEBDOX TACE was performed after a period of 4-6 weeks in all patients. Additional chemoembolization procedures were performed if the multifocality of the disease did not allow for complete targeting of the tumor in the first two treatment sessions (Figure 2 ). DEBDOX TACE treatment was repeated on demand, that is, in pa-tients with residual or recurrent tumors observed by CT or MRI, according to the modified Response Evaluation Criteria in Solid Tumors (mRECIST) and in agreement with recent expert opinions.
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Cone beam CT technique
All patients underwent C-arm single phase CBCT. Imaging was performed by using a commercially available angiography system (Allura Xper FD20®; Philips HealthCare). This system was equipped with the XperCT option, enabling C-arm CBCT acquisition and volumetric image reconstruction (Feldkamp back projection). For each CBCT scan, the area of interest was positioned in the system isocenter, and, over approximately 10 seconds, 310 projection images were acquired with the motorized C-arm, covering a 240° clockwise arc at a rotation speed of 20° per second. As the images were being acquired, the projections were transferred via fiber-optic connection to the workstation (Philips Xtravision, Rel 6.2; Dell Precision 670; Round Rock, TX/USA). The two-dimensional projection images were reconstructed by using Feldkamp back projection into three-dimensional volumetric images with isotropic resolution of 0.98 mm for a 250 × 250 × 194-mm field of view (matrix size, 256 × 256 × 198). Typically, a 2.4-French microcatheter (Progreat®, Terumo Europe N.V.) was advanced into either a subsegmental or a segmental hepatic artery, depending on the location of the targeted tumor. CBCT was performed with the administration of non-ionic contrast agent (Ultravist 370®, Bayer HealthCare) through a power injector (Avanta®, Medrad, Bayer HealthCare). The injection rate was typically 1mL/s with a total injected volume of contrast agent 10 mL and delay time 15 seconds. The patients were instructed to be at endexpiration apnea during each CBCT acquisition. The final position of the microcatheter for delivery of the DEBs was based on the results of C-arm CBCT. This was done to superselectively deliver the bead to the tumors ( Figure 3 ).
Follow-up
Follow-up after DEBDOX TACE included clinical evaluation, laboratory data, tumor treatment re- (E) CBCT after contrast injection throught microcatheter into segmental branches for first liver segment confirmes that the target lesion (arrow) is dominantely suplied from this artery and superselective DEBDOX TACE was performed from both artery. (F) Two months after the DEBDOX TACE, control CT shows complete devascularization of the target lesion (arrow) (complete response).
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sponse and serious adverse events registration. Treatment response was evaluated with contrast enhanced four-phase computed tomography (CT) or magnetic resonance (MR) imaging with hepatospecific contrast media 2 months after DEBDOX TACE according to mRECIST. 22 A viable tumor was defined by contrast agent uptake in the arterial phase and washout in the portal phase and/or late phase. Radiological follow up was performed every 3 months with either contrast enhanced four-phase CT or MRI with hepatospecific contrast media. CT was performed on a 64-row multidetector CT scanner (Siemens Medical Systems®, Erlangen, Germany) and 16-row multidetector CT scanner (Siemens Medical Systems®) with a fourphase protocol (non-enhanced, arterial, portal and late venous phase), which involved the administration of 100 to 130 ml of non-ionic contrast agents (Ultravist 370®, Bayer HealtCare; Visipaque 320®, GE Healthcare) at a rate of 5 ml/s via a power injector by using a bolus tracking algorithm. Images were reconstructed at 5-and 2-mm thickness in axial and coronal planes.
MR imaging was performed on 3 T MAGNETOM Trio, A Tim Sistem scanner (Siemens Medical Systems®). All images were acquired with a phased array abdominal coil. Routine protocol included imaging by using T2 weighted fast spin echo sequences, T1 weighted fat suppressed in-and out-of phase GRE, diffusion weighted imaging and dynamic enhanced multiphasic breath-hold T1 imaging by using hepatospecific contrast agent (Primovist®, Gd-GD-EOB-DTPA, Bayer Schering Pharma AG, Germany). Images were acquired before contrast material application and during the arterial, portal, equilibrium, delayed and hepatospecific phase (after 20 minutes or more); 0.2 mM/ kg of contrast agent was injected intravenously at a rate of 1 ml/s followed by 20 ml of saline.
Tumor response, time to progression and survival assessment
Tumor response, mean time to progression and overall survival (OS) were calculated according to a follow-up time defined as the number of months from first DEBDOX TACE to 12 th August 2014, last imaging control of the patient, last contact with the patient or patient's death. Treatment response was determined at every follow-up imaging control, according to mRECIST. 22 Patients with complete response or partial response were classified as having an objective response to treatment.
Statistical analysis
Quantitative variables were expressed as mean ± standard deviation and categorical as count and proportions. Survival rates and curves were determined using the Kaplan-Meier methods. Differences in the survival rate, regarding Child class were assessed using the log rank test. Last date for collection of data and calculating survival was 12
th August 2014. A p value less than 0.05 was considered statistically significant.
Potential prognostic variables were evaluated as predictors of survival in the Cox proportional hazards model. All variables with a p value < 0.05 at univariate analyses were included in the multivariate analyses. All calculations were performed with statistical software (SPSS package version 19.0; SPSS Inc, Chicago, IL, USA).
Results
Patient characteristics at baseline
The baseline demographic, clinical, laboratory and tumor staging characteristics of the patients included in the analysis are summarized in Table 1 . Mean 
Procedure and complications
Overall, 120 DEBDOX TACE procedures were performed in 35 patients. Mean number of procedures per patient was 3.2 ± 1.5. Superselective catheterization of feeding vessels was followed by embolization with 100-300 μm microspheres loaded with 50 mg of doxorubicin. The maximum cumulative dose of doxorubicin was 100 mg. All procedures were performed under CBCT control.
Complications occurred in 34 of 120 procedures. There were two (1.6%) major complications: an ischemic cerebrovascular insult to the cerebellum and an infection of the necrotic tumor that resolved after antibiotic treatment and resulted in prolonged hospitalization. Minor complications occurred in 32 procedures (26.6%), of which 4 procedures resulted in two complications simultaneously, which were, however, etiologically different (Table 2) .
Response rate and time to progression
Thirty-three of 35 patients (94.3%) achieved an objective response after two sessions of DEBDOX TACE. Fourteen of 33 (42.4%) patients achieved complete response, while 19 (57.6%) achieved a partial response. Of the remaining two patients with no objective response, one patient had stable disease and the other had progressive disease (appearance of numerous new lesions in both liver lobes) despite continuous treatment with DEBDOX TACE. These patients were treated with sorafenib.
Twenty of 33 patients who had already achieved an objective response developed disease progression over time. Mean time to progression (TTP) was 10.9 months ± 5.3 months (range, 5.8 -24.8 months). 
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Overall survival
After a mean follow-up period of 27.7 months ± 10.5 months, 17 patients died. One patient died of acute respiratory infection with acute respiratory insufficiency, two of spontaneous bacterial peritonitis with sepsis, one of respiratory arrest, two of toxic encephalopaty, four of progression of HCC and the remaining of liver failure. Mean OS of the whole cohort was 33.9 months (95% CI: 28.9 -38.9). 1-year survival was 97.1% and 2-year survival was 65.7%. There was no significant difference in survival between patients with cirrhosis Child A and B (p = 0.417). Cox regression analysis showed that none of the clinical and laboratory data were statistically significant independent risk factors for survival.
Discussion
The purpose of this retrospective study was to evaluate treatment response, adverse events and survival rates of patients with intermediate stage HCC treated with superselective DEBDOX TACE under CBCT control. By facilitating tumor targeting and super-selective therapy delivery, our results support the hypothesis that CBCT plays a key role in achieving satisfactory tumor response and OS. 20, 21 TACE is the most widely used loco-regional therapy for patients with intermediate stage HCC. The number of treatment sessions depends on the response of the tumor and whether serious side effects are seen. [3] [4] [5] 7 The overall response rate for this treatment is about 50%, with the lowest reported around 15% and the highest around 85.6%. [2] [3] [4] [5] 16 In a prospective study of 67 consecutive patients (122 nodules, all < 5 cm), Golfieri et al. showed that, when compared with lobar conventional TACE (cTACE), selective/superselective cTACE was associated with higher mean levels of necrosis (75.1% versus 52.8%; p = 0.002) and a higher rate of complete necrosis (53.8% versus 29.8%, p = 0.013).
11 These findings suggest that selective/superselective cTACE may determine a higher rate of tumor necrosis than lobar TACE. With improved treatment efficacy and tolerance, DEBDOX TACE represents a major advancement in treatment of intermediate stage HCC. 2, 6, 9, 10, 23 In a recent prospective, randomized phase II study comparing cTACE with DEBDOX TACE, the DEBDOX TACE group showed a trend for a higher objective response rate than the cTACE group (51.6% versus 43.5%, respectively), together with better tolerability. 8, 24 In another prospective, randomized study, DEBDOX TACE resulted in a better objective response than bland embolization with non-loaded bead (73.1% versus 55.9%, respectively). 10 Similarly, Boatta and colleagues showed a 72% objective response rate in 154 patients treated with DEBDOX TACE. 24 In a study by Suk et al., where CBCT after DEBDOX TACE was used to predict short-term tumor response according to mRECIST, objective response was achieved in 85.6% of patients (complete response 63.8%, partial response 21.8%), and objective response rates at one month after CBCT-guided TACE was also reported in a study by Loffroy et al. 4.7 ± 1.9 HBV = hepatitis B virus, HCV = hepatitis C virus; INR = international normalised ratio; ASAT = aspartate aminotransferase; ALAT = alanine aminotransferase; γGT = gamma glutamyl transpeptidase; αFP = alpha-feto protein; pt = patient. Quantitative variables expressed as mean ± standard deviation.
of two treatment sessions also lead to higher tumor response. 25 Our results show a very high percentage (91.9%) of objective response defined according to mRE-CIST. The most plausible reasons for high objective response rate in our study were the routine utilization of CBCT control to guide superselective DEBDOX TACE in all patients and the delivery of at least two treatment sessions for all lesions.
TACE is also associated with OS benefits, reported in a meta-analysis of randomized controlled trials.
3,26 Reported 1-, 2-and 3-year survival rates ranged from 24% to 90%, 59% to 81% and 29% to 47%, respectively. 3, 13, 21, 25, 27 However, most of these studies assessed cTACE. 3, 4, 6 Studies reporting on survival of patients treated with DEBDOX TACE are scarce. A retrospective case-control study from a single academic institution in the United States demonstrated a survival benefit for patients undergoing DEBDOX TACE versus cTACE. 23 One-year and 2-year survival were superior with DEBDOX TACE. 28 In a recent study from Burrel et al. that analyzed strictly selected patients with intermediate stage HCC treated with DEBDOX TACE in a highly specialized center, reported 1-and 3-year OS rates equal to 89.9% and 66.3%, respectively. Median survival time in this study was 48.6 months. 6 The overall favourable efficacy of DEBDOX TACE was further corroborated by a recent international, long-term (5 years of followup) study, where OS at 5 years was 22.5% and the mean OS was 43.8 months. 29 To our knowledge there is only one study determining survival of HCC patients treated with TACE under CBCT control. This study showed that patients receiving CBCT-assisted cTACE had significantly higher OS rates than those receiving cTACE with angiography alone. OS rates of patients who underwent chemoembolization under CBCT assistance were 94%, 81% and 71% at 1, 2, and 3 years, respectively. 21 OS rates in our study were 97% at 1 year, 66% at 2 years, with an average survival of 33.9 months. In particular, 1-year survival rate of our patients was higher than in most other studies reported in the literature, while 2-year survival was only marginally lower than the results reported by Iwazawa et al., where cTACE was also performed under CBCT control (2-year survival, 81%). 21 The high 1-year OS reported in our study may be related to the high objective response rates achievable with DEBDOX TACE, supported by the fact that objective response to treatment correlates with prolonged OS. 30 In addition, the most common reason for death in our study was not related to progression of HCC but rather to liver cirrhosis, which may explain the significant drop in 2-year survival. TACE-associated adverse events, although usually transient and manageable, occur in a significant proportion (35 -100%) of patients, and may include post-embolization syndrome (comprising of fever, abdominal pain and a moderate degree of ileus), relevant liver function deterioration, ascites and gastrointestinal bleeding. 11 Our analysis shows that DEBDOX TACE under CBCT control is a safe treatment method. The majority of complications were minor, either self limited or managed conservatively. One of the two major complications, infection of tumor necrosis, was due to the fact that necrotic tissue is an optimal culture medium for bacteria. 6 The other major complication was a cerebrovascular insult. This was likely due to the reflux of the contrast and DEB particles mixture from an extrahepatic feeding artery (mammary artery) into the basilar artery that resulted in ischemic injury to the cerebellum. To our knowledge, 12 other cases with 25% mortality are reported in the literature. 31 Our patient, however, died of liver failure 5 months after the procedure. Thus, no treatmentrelated deaths were reported.
We speculate that the utilization of intraprocedural CBCT and delivery of at least two treatment sessions for all lesions contributed to the high response rates, low occurrence of adverse events and good OS reported in our study. This imaging technique provides cross sectional, soft-tissue, CTlike images without the need to move the patient to a CT room and offers many advantages over classic 2D angiography alone. 15, 17, 19, 32 First, CBCT detection accuracy of HCC lesions is equivalent to multidetector CT and MRI and superior to 2D angiography. 15, 17, 19 Second, it is the most accurate imaging technique to identify tumor-feeding arteries. 14 Third, selective CBCT during hepatic angiography may be used to rule out non-target embolization to non-tumor feeding extrahepatic arteries and ensure that the selected branch supplies the tumor safety margin. 17, 18, 33, 34 In this respect, CBCT can also help with catheter placement when synchronous non-tumor and tumor enhancement are seen and can distinguish between tumor and non-tumor staining, most frequently occurring with feeding from the inferior phrenic artery. 18 Finally, effective radiation doses for CBCT have been reported to be lower than with conventional. 2, 18 CBCT also has some limitations. Its contrast resolution is lower than that of conventional CT, thus providing less differentiation between HCCs and surrounding liver parenchyma. 18, 19 Furthermore, the detection of HCCs under diaphragm may be impaired by motion artefacts, while streak artefacts from the catheter and contrast material may also degrade image quality. 15, 18, 19 The field of view of CBCT is smaller than that of conventional CT and liver truncation may occur. 18 Finally, the acquisition of CBCT images requires additional contrast administration. This can be balanced with the use of CBCT guidance software to guide micro-catheter positioning to the targeted arteries, which may in turn help to reduce both radiation exposure and contrast administration. 17 There are some limitations in our study. First, this study was a retrospective analysis and lacks a control group, thus failing to provide robust data of a prospective randomized controlled trial. In particular, we decided to avoid randomization between superselective DEBDOX TACE under CBCT and superselective DEBDOX TACE without CBCT, because of the anticipated clinical advantages of CBCT. Second, our small sample size may have introduced a selection bias. The BCLC B stage includes a heterogenous population of HCC patients and there is lack of a standard treatment methodology and patient selection criteria for TACE. 25 Therefore, our patient selection criteria were strict in order to achieve the best outcome. Third, histopathologic correlation with CT or MR imaging regarding tumor necrosis after treatment with DEBDOX TACE was not performed since previous reports already showed good correlation between the percentage of tumor necrosis obtained at histopathologic examination and the tumor enhancement assessed with imaging. 11, 16 In conclusion, superselective DEBDOX TACE performed under CBCT control is a safe and effective method with high tumor response and survival rates. Further prospective studies with a larger number of patients are required to elucidate the incremental benefit when compared to conventional techniques.
